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'NCAT’s mission is to provide innovative,
relevant and implementable research,

“technology development and education

that advances safe, durable and :
sustainable asphalt pavements.




Outline

— Pavement Economics Committee projects
e Limiting strain in- pavement design
e Educational program
e Thinlays
e |Rl related to performance
— Update on the NCAT Test Track
e MnROAD partnership

— performance testing for mix design and QC

— pavement preservation
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Pavement Economics Committee

Projects

Optimized Pavement Design
Determining Service Lives Based on IRI
Thinlay Pavement Preservation Guide
Educational Program

Best Practices for Determining the Life
Cycle Costs of Asphalt Pavements

Life Cycle Benefits of Premium Mixes
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Pavement Engineering

AASHTOWare

Pavemepty jf== Tools to Optlmlze

SURFACE COLIRSE

ROAD BASE CC
SUE-BASE
SLIBGRADE
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Concept of Perpetual Pavement

No fatigue cracking or

P
+- structural rutting if critical
strains are kept below
[l thresholds

Asphalt Concrete A Ei 1) B e Horizontal strains at
bottom of AC layer

Granular Base (Ez, 12) D . :
l 2 ........ Loohaene 2 ............... E ) Vertlcal Stralns at top Of
[ | =
Subgrade Soil (B3, 13) Semi-
¢ Infinite
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Perpetual Pavement Design

Pavement

Traffic Layer
Materials Inputs Thicknesses

Inputs

—-| Analytical Model

Pavement Responses
o, €0

Y

Increase Layer

Thickness

Yes

% Responses
Over Limits

% Responses Over Limits
Acceptable? .

A

For controlling bottom-up
fatigue cracking

e Calculated strain should be
lower than the 60t"

percentile horizontal strain
distribution

For controlling structural rutting

e Vertical strains at the 50th

percentile should be lower
than 200 microstrain
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Criteria validated with data from the NCAT Test Track
and Perpetual Pavement Award sections

TR IR =
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Validation of Horizontal Strain
Distribution Criteria

100 / — ..-.m“"...- '.,.....--,’.’.'.'.'.‘.-.'.2 ...........
90 S A T e
e
70 - Perpetual pavements
9 60 to the left
£ =g - TT sections (cracked)
S to the right
& 40
—Criteria lowa
30 Montana ——0klahoma
20 -e-Oklahoma 2 Kentucky
Virginia —+—Mlississippi
10
—x-Tennessee
0
0 100 200 300 400 500 600
Predicted Tensile Strain (Microstrain) Asphalt Technology

; CAT

at AUBURN UNIVERSITY




Validation of Vertical Strain Criteria

Pavement Strain at 50t Percentile

76 microstrain

146 microstrain : 2
Vertical strains at

Oklahoma 128 microstrain the 50t percentile
_ _ for perpetual
Oklahoma 2 153 microstrain pavements are
Virginia 169 microstrain lower than 200
microstrain

Kentucky 188 microstrain

164 microstrain

Tennessee 162 microstrain
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Implementation of
Limiting Strain Criteria

= by Dr. David Timm,
Auburn Professor of
Civil Engineering

PerRoad is being updated to include these limiting
strain criteria
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Refined Limiting Strain Criteria and Approximate
Ranges of Maximum Thicknesses for Designing Long-

Life Asphalt Pavements

RESEARCH SYNOPSIS 15-05R (Revised November 2016)

Background
Long-life or perpetual pavements are designed and built to last
longer than 50 years, requiring only a periodic mill and inlay of the
surface layer. The pavement structure is designed using appropriate
materials and layer thicknesses to prevent structural distresses that
begin at the bottom of the pavement structure, such as bottom-up

PerRload simulations for these test sections failed both limiting
«cumulative strain distribution and maximum fatigue ratios, correctly
characterizing the performance of these test sections, as they all
experienced bottom-up fatigue cracking.

Table 1 presents the limiting cumulative strain distribution and
fatigue ratios refined in this study for future use in perpetual

material properties, variability of the material properties, and trial
design thicknesses, Critical locations in the pavement cross-section
were als: ntified as the bottom of the asphalt concrete (fatigue
cracking) and the top of the subgrade (rutting).

The loading conditions were entered next with 100% of the loads as
single axle loads set to 20-22 kips, which represents a conservative
traffic level consistent with legal axle load limits in the US. It is
important to note that by its very nature, perpetual pavement
design focuses on the heavier axle loads and the strain levels they
«cause rather than the number of repetitions those axles apply, so
traffic volume data are not required.

After entering the pavement cross-section and traffic loading
conditions, the simulation was conducted. PerRoad automatically

in this study did not include these types of base materials. This is
especially important for the very thin sections in Table 3 where the
bbase modulus is 500,000 psi. These sections would likely suffer from
reflective cracking that is not accounted for in perpetual pavement
analysis.

Recommendations for Implementation

The limiting cumulative strain distribution and fatigue ratios shown
in Table 1 should be used in place of the conservative limiting
strain of 70 microstrain or the laboratory FEL of the AC base layer
in future perpetual pavernent design. The limiting cumulative strain
distribution was found to be the best indicator of how the structural
test sections resisted bottom-up fatigue cracking at the NCAT
Pavement Test Track.

Set maximum AC thicknesses-for flexible pavement designs

The predicted strain

g cumulative strain
distribution and maximum fatigue ratios that clearly separated the
perpetual pavement sections from the others.

The limiting strain criteria were then validated using data from other
six sections constructed in 2009 at the NCAT Pavement Test Track.
Cumulative strain distributions and fatigue ratios determined using

included entering structural information, entering loading
information, running the PerRoad simulation, and extracting the
output data to compare against the ing criteria shown in Table
1. The designs were then iterated to achieve the desired output
strain distribution.

The structural information was first entered in PerRoad. This
information included the number of pavement layers, seasonal

For the full report, see NCAT report 15-05R at www.ncat.us
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- . N
Shift to preservation and renewal

Safety and smoothnesstare needed more than
added structure

Material improvements such as PMA, better
aggregate specs, and mix type options.



Benefits of Thin Asphalt Overlays

« Long life and low life-cycle ¢ Structural
cost! —Maintain grade & slope
—\Withstands heavy traffic

« Safety./ User satisfaction 2 g
—Easy to- maintain

—Minimize traffic delays

—Smooth surface o Sustainable
—Restore skid resistance ~Recycled materials
—No loose stones & —Seals surface & no

minimizes dust binder run-off
—Lower noise
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Thin Overlay Guides

NCHRP

SYNTHESIS 464

Thin Asphalt Concrete Overlays

A Synthesis of Highway Practice

TRAMAPORTATION RESEARCH BOARD

NATIOMNAL
COOPERATIVE
HIGHWAY
RESEARCH

¢ NCHRP-Synthesis 464

e Thinlays for Pavement
Preservation — pending
publication from NAPA

o Future FHWA Tech Brief:
The Use of Thin Asphalt
Concrete Overlays for
Pavement Preservation

( National Center for
Asphalt Technology

CAT
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International Roughness Index (IRI)

The only universal measure of pavement performance
* All states required to report IRl in HPMS

* The only common measure among all pavement
types: asphalt, concrete, composite, other

International Roughness Index Categories

HHS Hon- Hon-HHS Routes Hon-HHS
IRI Categories Interstate Routes Interstate with Routes with
Routes ADT > 2000 ADT < 2000
<70 Excellent Bl
71-75 Excellert Excellent
76-100
101-120 Fair
121-150 :
151-170 Fair '
171-195 = Fai National Center for
196590 ar sphalt Technology

o CAT

at AUBURN UNIVERSITY



NCAT Report 15-02

LITERATURE REVIEW: THE IMPACT OF
PAVEMENT ROUGHNESS ON VEHICLE
OPERATING CO5TS

NCAT Report 16-03

A SYNTHESIS REPORT: VALUE OF PAVEMENT
SMOOTHNESS AND RIDE QUALITY TO
ROADWAY USERS AND THE IMPACT OF
PAVEMENT ROUGHNESS ON VEHICLE
OPERATING COSTS | —

NCAT Draft Report

REVIEW OF INITIAL
SERVICE LIFE DETERMINATION IN
LCCA PROCEDURES AND IN PRACTICE

By
Dr. Mary M. Robbins
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NCAT Report 16-03

. INTRODUCTION

1.1 Background

. RIDE QUALITY AND PAVEMENT ROUGHNESS

2.1 Importance of Ride Quality to Traveling Public
2.2 Factors Related to Perceived Ride Quality

3.1 Fuel Consumption

3.2 Tire Wear

3.3 Maintenance and Repair
3.4 Oil Consumption

3.5 Depreciation

. SUMMARY
. REFERENCES

22

. IMPACT OF PAVEMENT ROUGHNESS ON VEHICLE OPERATING COSTS

“not only do our customers
want smooth roads for comfort,
smooth roads cost less for both
the owner/agency and the user”
Mark Swandlund, FHWA

(8 National Center for
sphalt Technology

CAT

at AUBURN UNIVERSITY
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LCCA Basics

Option A Option B
o —~~~~~ —--~..~ —_— | | T ——-----~ ———_----
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Time
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Salvage Value
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Time l

Salvage Value

1
Costy [( i TH ] Salvage Value [(1 s ')nel

National Center for
sphalt Technology

CAT

at AUBURN UNIVERSITY




Based on LTPP Data

Pavement Age and Roughness at
First Rehabilitation

Pavement Pavement Age at Mean IRI prior to
Type Rehabilitation Rehabilitation
(yrs) (in/mi)

m 106 17.9 118.5
44 24.0 146.5
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Time to First Rehabilitation (Years)
by Climatic Zone

Asphalt Pavements

Climatic Zone
Dry, Freeze

Dry, Non-freeze
Wet, Freeze
Wet, Non-freeze

Climatic Zone
Dry, Freeze

Dry, Non-freeze
Wet, Freeze
Wet, Non-freeze

N 2
IS

23
50
109

No.
10
6
80
25

Avg. Min. Max. Std. Dev.
15.0 7.1 26.3 5.1
19.7 7.8 27.0 4.6
20.0 8.8 28.2 5.5
16.8 /7.8 28.9 5.3
Concrete Pavements
Avg  Min Max Std. Dev.
23.8 158 31.3 5.8
245 17.1 30.3 5.8
235 | 14.7 354 5.8
249 129 33.7 6.0

CcoVv
34.0%
23.5%
27.3%
31.8%

coVv
28.4%
23.7%
24.7%
24.0%



IRl at First Rehabilitation
by Climatic Zone

Climatic Zone Avg IRl | Min IRI | Max IRI Cov
(in/mi) | (in/mi) | (in/mi)

e Asphalt Pavements

21 116 47 214 40  34%
20 82 47 137 24 30%
39 [ 140 60 359 73 52%
86 106 30 260 47  44%
_ PCC Pavements

9 117 73 228 47  40%
Dry, Non-freeze S 102 75 154 30 29%
56 | 138 438 261 46  33%
VARV GLEIIEE 19 114 65 258 45 40%




Educational Program

Life Cycle Cost Analysis for Pavement Type Selection

Warm Mix Asphalt
Open-Graded Friction Courses
Using Recycled Materials -

Thin Overlays

Perpetual Pavement Design

4 Nati lona | Center for
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"Asphalt PaVeent rbvi Ground

- ——
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e 46 Test Sections, 200 ft each- A P A




Types of Experiments

1. Structural expmts.

— pavement design

Perpetual Pavement
MEPDG models
Empirical — layer coef.

— contribution of non-
traditional layers

highly modified mixes
OGFC

recycled bases
stabilized subbase

2. Surface expmts.
— rutting
— friction
— permeability
— noise
— albedo
— durability (raveling)
— top-down cracking

4 National Center for
Asphalt Technology

ANCAT

at AUBURN UNIVERSITY




Refining Aggregate Specifications

EI,imin'a_ted' the Re‘st‘r&'icte"d Zone

ldentify polilshin'g'prone aggregate's' |
Gravel works in SMA & OGFC
Relax F&E limit for SMA & OGFC

National Center for
sphalt Technology

CAT

at AUBURN UNIVERSITY



Findings Related to Mix Design

; t Fme and tearse Superpave mn(es perform srmrlar;ly
'f_";- . MOdlfled blnders reduce ruttmg*approxrmately 50%

. Dense graded mlxes perform as Welt as SMA for
' ruttmg re5|stance but SMA |s mere durable

e Lowermg Ndesrgn does net Ie.ad to ruttmg

- :

Fine_—Graded

< Gravel . Limestone-Slag

at AUBURN UNIVERSITY
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Structural Analysis

e Revised asphalt layer coefficient for ‘93
AASHTO Pavement Design

e Mechanistic-Empirical Pavement Design
— Measured vs. predicted stresses
— Seasonal effects on asphalt pavement layers
— Compressive stresses.in unbound layers
— Traffic wander

— Dual tires vs super-single tire

— Speed vs strain / load pulse

— Field fatigue thresholds

— Calibration of transfer functions

#(C National Center for
£ \\ \Asphalt Technology
”r" ":. =

CAT

at AUBURN UNIVERSITY
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Oklahoma Perpetual Pavement
on a weak subgrade

10" 14"

PGTe-28 SMAIPGTE-28 5

N8 Straln - 21 48780 .0335*Temperature
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WIVIA _
e High polymer mixes
==+ * Asphalt-rubber mixes
e Thiopave T~y
- . \1
- _e_Trinidad Lake Asphalt




Reclaimed Asphalt Pavement

| National Center for
\Asphalt Technology
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High RAP Test Sections

e Several experiments with 45 to 50% RAP
— Surface layers — benefit of using'lower PG
— All layers 50% RAP

e lower critical strains
» sections outperformed companion virgin sections

e essentially a Perpetual Pavement at 7 inches thick

4y National Center for
\\ Asphalt Technology

CAT

at AUBURN UNIVERSITY




Cold Central Plant Recycling

¢ %
1)
2 4
L

RAP treated with foamed or:emulsified asphalt
An excellent option for areas with excess RAP
Proven technology at NCAT Test Track and 1-81 in

Structural contrlbutloﬁ of CCPR materlals
is estimated to be about.70% of HMA



Cold Central Plant Recycling




MnROAD + NCAT Partnership

Worklng together on natlonal need research prOJects
s i, VaI|dat|ng crackmg tests for balanced mlx de5|gn

2 Documentlng the life cycle beneflts of Pavement
S Preservatlon Treatments

National Center for
M nRQ AD sphalt Technology
Safer, Smarter, Sustainable Pavements Through Innovative Research

at AUBURN UNIVERSITY
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With the current
volumetric mix design

. '-?-Rfé,cy;,l_éd S

" Recycled Tire Rubber
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Balanced Mix Design

Cracking Resistance Rutting Resistance

( National Center for
sphalt Technology
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Top-Down Cracking Sections

Surface Layer

Intermediate Layer 2.25”

Cracking Group sections

e 7 200-ft. sections Base Layer

each section instrumented n

6 million ESALS, 1.5 years, No-cracking yet

Mational Center for
sphalt Technology

CAT

at AUBLURN UNIVERSITY



Energy Ratio

48

Nflex Factor

Cantabro
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MnROAD + NCAT Partnership
Pavement Preservation Experiments

e \Warm and cold climates
e | ow and high traffic sections

e At least 25 preservation treatment
sections on each roadway

e High quality:construction
e Performance monitoring

4 Natio
\ AphltTh Igy

CAT

at AUBURN UNIVERSITY
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Safer, Smarter, Sustainable Pavements Through Innovative Research




Pavement Preservation
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Preservation on Lee County Road 159




US 280

1ON ON

Preservat




Sponsor meeting at MnROAD
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92nd AAPT Annua

The 2017 Annual Meeting will be held March 19-22, 2017
The Island Hotel, Newport Beach, California USA

Association of Asphalt Paving Technologists

B
o

Meeting and Technical Sessions

Leading Edge Workshop, Practical Implementation of
Asphalt Mixture Performance Tests

15t Technical Session, Pavement Preservation

2"d Technical Session, Asphalt Mixture Testing
AAPT/ISAP International Forum, Hot Recycling: State of
the Art and New Challenges

3" Technical Session, Asphalt Binder

4t Technical Session, Asphalt Mixture

Symposium, Rubberized Asphalt Developments,
Opportunities, and Challenges

5th Technical Session, Recycling

6th Technical Session, Cracking

For the latest information please check our web site at: http://www.asphalttechnology.org



http://www.asphalttechnology.org/
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